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Abstract

This research was conducted to evaluate the effects of rising atmospheric carbon dioxide
concentrations, and the nutritional quality of crops. Using Free Air CO2 Enrichment (FACE) and
Decision Support System for Agrotechnology Transfer (DSSAT) to simulate elevated carbon
dioxide levels, more review of previous literature was studied. Studies found that although there
is a negative loss of nutrient availability, there are major signs that nutrient deficiencies.
Nitrogen(protein), Iron, and Zinc are the most impacted with elevated atmospheric CO2
conditions. Further research and experiments regarding long term plant growth should be
considered moving forward. With only limted situations and different CO2 levels, more reserach
should be conducted.
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Nutrition plays a key component in our life and daily activities when it comes to getting
adequate vitamins, minerals, protein, carbohydrates, and fiber. This research can provide more
information in how we view rice and major crops that are substantially important in diets across
the world. Is carbon concentration in the atmosphere to blame for the change in nutritional
quality of such plants? Will it change the way we view rice and other plant based foods? How
will consumers, farmers, and plants deal with this? The research will require meta analysis of
previous studies done. It will incorporate such findings that include CO2 atmospheric
concentrations, nutrition content on various foods, and the product yield. This research will also
contain quantitative data, which can provide a greater scope into how the macro and micro
nutrients of the foods observed will be affected. This topic is important because it encompasses
both a health aspect of our lives, and how the environment may affect how humans produce and
cultivate food. Will we have to increase our intake of such crops to meet our daily recommended
goals? When grocery shopping for dietary foods, the food label illustrates how much of macro
and micro nutrients in the foods, based on percentages set by the Food and Drug Administration,
we need to ingest in order to have human body function. Each nutrient and mineral provides
different functionings and metabolic processes that sustain human life and avoid deficiencies and
illnesses that may degrade our well being. “Chronic dietary deficiencies of micronutrients
contribute to “hidden hunger”, for which the 13 consequences (e.g., adverse impacts on
metabolism, immune system, cognitive development and maturation) may not be immediately
visible or easily observed” (1). Macronutrients being such that we require them in large amounts.
Proteins, carbohydrates, and fats are all considered to be macronutrients and provide humans
energy through calories. Insufficient protein intake, which may coincide with micronutrient
deficiencies, reduces growth and tissue repair and results in low birth weight, wasting, stunting,
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and other health issues that cause approximately 2·2 million annual deaths in children under five.
(3,4). Micronutrients are those that need smaller amounts to aid in metabolic functions. In the
grain, nutrients such as nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium
(Mg), zinc (Zn), iron (Fe), copper (Cu), manganese (Mn) and selenium (Se) are essential mineral
elements for human and animal nutrition (5). The diagram seen below illustrates all the public
health nutrition agenda incorporates a range of social and multidisciplinary sciences—including
epidemiology, anthropology, and sociology—to address nutritional deficiencies, disease
epidemics, disease prevention, and food security (14).

Image 1.
Observing Carbon Dioxide levels in current atmospheric conditions raises questions
pertaining if photosynthesis processes are affected, and if elevated CO2 levels will alter the
nutritional value due to excess carbon or nitrogen that plants uptake and hold onto. “Nutrients
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that were transported towards the roots primarily through transpiration-driven mass flow
exhibited larger concentration decreases in eCO2 compared to nutrients that mostly relied on
diffusion”(6). Will plants and crops have different mechanisms for coping with elevated CO2
levels? Being a farmer or a part of the agriculture industry may also be affected by elevated CO2
concentration levels. Fertilizer is used to help maintain and increase plant growth and health.
Three of the main elements that are in commercial fertilizers are nitrogen, phosphorus, and
potassium. All of these elements, along with smaller needed nutrients, optimize the farmers yield
and quality of the product. Figure 2 shown below shows that warming temperatures will
significantly decrease corn and soybean yields, but will not have as strong of an influence on
rice. Before accounting for CO2 fertilization, crops in the high-emissions scenario are predicted
to produce 77%, 85%, and 96% of their expected yield without climate change for corn,
soybeans, and rice, respectively.
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Figure 2. Yield factor for C3 (green) and C4 (yellow) crops versus CO2 concentration.
Crop productivity was acquired from [44], in which results from the DSSAT4 models [45]
were interpolated based on CO2 enrichment experiments.
When a simple CO2 fertilization factor is included, corn, a C4 plant, increases slightly, while the
yields of the C3 plants (soybeans and rice) are actually predicted to increase compared to today’s
yields” (Peterson, L.K., 2019). One aspect of this phenomena is the ability of the fruits and
flowers to gain mass size and their reproductivity to be altered due to the CO2 emissions.
Something important to understand is that some plants undergo photosynthesis through a C3
process while others undergo C4 photosynthesis. In a meta-analysis conducted by Jablonski,
Wang, & Curtis (2002)(15), they found that CO2 enrichment resulted in more flowers (+19%),
more fruits (+18%), more seeds (+16%), and greater total seed mass (+25%). Crops that were
studied were found to be more affected by high CO2 concentrations than wild species by CO2.

It may be understood that elevated CO2 levels can alter crop yield and production. It’s
important in research to understand how the elevated levels of CO2 concentration may affect the
yields of crops that use CO2 as a main component of the photosynthesis process. While the
world continues to emit carbon dioxide from fossil fuel burning and other forms of emission, it’s
imperative to understand the effects it has on all aspects of life. The environment does not only
pertain to the nature outside, but also affects our feelings and moods. While there are places to
cultivate crops for our health, mitigating environmental conditions is something to account for.
Will we change the way we view the diets of that of an average consumer? As technology and
farming equipment improved over the last decade, Jin, Armstrong & Tang, (13), provide
thinking as to whether or not trends in these improvements will continue to hold or if biological
constraints will impose maximum achievable crop yields. Campbell, Allen, & Bowes (1988)(7)
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states that “Soybean plants grown at elevated CO2 concentrations had heavier pod weights per
plant, 44% heavier with 660 compared to 330 microliters of CO2 per liter grown plants, and also
greater specific leaf weights.” Soybean being a C3 plant, we can use this evidence to further
direct our attention to the mass of crops affected by increasing CO2 atmospheric conditions.
Under the scenario of climate change, atmospheric CO2 is predicted to reach approximately
550 μmol mol−1 by 2050 and 700 μmol mol−1 by 2100 (IPCC, 2013). Elevated atmospheric
CO2 (eCO2) can affect both grain yields and quality (8). Future technology can help mitigate the
consequences of elevated CO2 concentrations as it increases. As compared with ambient
conditions, elevated [CO2] reduced the content of N (protein), S, Mn, and Zn in polished grains
by 13.5%, 12.6%, 20.5%, and 5.9%, respectively(3) (Figure 3).

Figure 3 Comparison of changes in the content of all tested elements under elevated CO2
between brown rice (black circles) and polished grains (red diamonds).
It could be hypothesized that human health will slowly deteriorate through the gains and crops
we eat. What humans eat, and how nutrition fuels all walks of life is vital in surviving. How
humans feel after what they ingest can provide insight as to how nutritious and healthy foods
might be. Plant nutrition often deteriorates under elevated CO2 due to dilution effect of increased
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carbohydrate accumulation (9). However, interestingly, the effects of elevated [CO2] also
differed among 12 nutrients measured, indicating mechanisms more complex than carbohydrate
dilution(11,12). According to Beach et al., (2019), protein, iron, and zinc availability in wheat is
projected to change significantly by 2050, with nutrient availability of -7-8% to -9-6%. (5).
These nutrients and minerals are essential in maintaining proper health and functioning.

Figure 4. Comparative response to eCO2 (as % aCO2) of N, P, K, Ca, Mg, Fe, Mn, Cu and
Zn concentrations in grains. This image provides a distribution of nutrients across their
variability when studying and analyzing how much each nutrient has changed. “Elevated CO2
decreased the concentrations of N, P and Zn in grains by 6%, 5% and 10% (p < 0.05),
respectively, when averaged across the soils, crops and years” (13). Why do these nutrients have
such a decline?
Methods
To best understand how this data was achieved and what happened in order to obtain
such results is huge in the underlying questions regarding this thesis. These resources and
references have been achieved through online research regarding climate, CO2, elevated CO2
levels, nutritional content, and mass and quantity yield of the crops. Most of the research will be
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quantitative data and will compare and contrast different nutritional levels in crops grown.
Image 1, further explains its research expansion has had a tremendous impact on public policy,
both nationally and internationally. Specifically, the public health nutrition agenda incorporates a
range of social and multidisciplinary sciences—including epidemiology, anthropology, and
sociology—to address nutritional deficiencies, disease epidemics, disease prevention, and food
security (14). Not only is nutrition tied to socioeconomic status, individual growth, nutrient
requirements, public policy, but also the environmental sciences of the physical, atmospheric,
ecology, geography process of the Earth. The existing multidisciplinary nature of public health
nutrition lends itself to incorporating further disciplines. Given the intrinsic interrelationships
between the environment and nutrition, the current public health nutrition agenda must expand to
embrace environmental nutrition as a new frontier (14). Image 2 is conducted by the Decision
Support System for Agrotechnology Transfer, or DSSAT. DSSAT is a software program that
comprises dynamic crop growth simulation models for over 40 crops and has been in use for
more than 30 years. In figure 2, The yield factor is the change in yield due to carbon dioxide
fertilization, where 0.8 is a 20% reduction and 1.2 is a 20% increase in yield. The yield factor for
C3 and C4 crops under different CO2 concentrations was acquired, in which results from the
DSSAT4 models were interpolated based on CO2 enrichment experiments, and were then
normalized at 2015 CO2 concentrations. Figure 3 conducts that The panicles were harvested at
maturity and the brown and/or polished grains were analyzed for elemental content. For the
analysis of elemental stocks and flows, three tillers of “Koshihikari” were sampled from three
plants for each replication at six stages of growth in 2010. Sampling was conducted at the early
vegetative (36 days after transplanting [DAT]), late vegetative (50 DAT), panicle formation (64
DAT), heading (78 DAT), grain filling (92 DAT), and maturity (107 DAT) stages(3). While the

10

results show differences in nutritional value, it can aid in understanding just how much of the
value of the crops will change. As the FACE rings were randomly allocated in the field, the ring
numbers were treated as a random effect in this model as well. The data set of each variable was
normally distributed. The statistical analyses were performed using 4 replicates for each
treatment. The least significant difference (LSD) at p ≤ 0.05 was applied to compare the
difference between treatment means (13). Figure 4 has comparative responses to
elevated CO2 levels of grain in various nutrients.

Discussion
The main research question, “does elevated carbon dioxide levels in the atmosphere
contribute to nutritional loss?” has been studied and analyzed with the literature and
experimental data collected. Through the use of meta analyses and comprehension of the
literature review done, there has evidence that crops and plants (such as soybeans, rice, and
grains) all experience some sort of nutritional flux. While there isn’t much research done on the
plants ability to synthesize the extra carbon, results show that the nutrition of some vitamins and
minerals do change. The literature review done has shown that grain crops grown in elevated
carbon dioxide concentrations there is a wide variance of the standard nutrition of such crops.
While there are questions that remain the validity of the models used, we cannot completely
disregard the consistent change that is evaluated within the nutritional content of rice, wheat,
sorghum, and other such crops.
Six out of eighteen crops studied by Ujiie et al. (2019), have been significantly reported
(P < 0.05) with confidence intervals of 95%. The importance of these different nutrients and
minerals is that they all are intended to help sustain our human, metabolic functions in the
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correct amounts. Jin et al. (2019), has concluded that Nitrogen, Phosphorus, and Zinc all have
significantly important under elevated CO2 concentrations, three of the same nutrients proven
significant in other studies. Earth’s CO2 concentration reached 400ppm in 2017 and with the
current state of climate that Earth is facing, projections of 500+ppm are not far out of reach.
Completed trials of Free air CO2 enrichment imitate the current and future atmospheric
conditions in which crops are grown. These findings support the hypothesis of elevated carbon
dioxide levels affecting nutritional value of some crops.
Variables that have to be considered when evaluating this data is the randomization,
replication, and control/treatment variables. Besides the crop itself, different environmental
conditions occur inside models and greenhouses that would be deemed as unnatural. Soil
conditions and different soil types will also have an effect on plant and root growth. There is
much of the population that obtains their nutrition from rice and further crops discussed and it
will have an effect on the health. The research that was conducted throughout the past year was
to seek further information if specifically increased elevated CO2 level will affect the nutritional
value of crops. Comparing the differences measured among nutrients and minerals needed for
sustainable energy, human health. The findings illustrate that there will be deficiencies and
changes in the crops' nutrition.
This research was conducted to review and analyze previous literature review for a better
understanding of the effects of climate change. The study was primarily a literature review of
previous works done and some meta analyses. The main findings of the experiments and
research done conclude that elevated atmospheric carbon dioxide levels change the nutritional
content of crops. To what extent we will see these deficiency’s play a part in human health
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remains unknown. With current climate projections in 2050 to reach 600ppm, (Collins et al.,
2013), there is without doubt that the crops humans eat will be affected by climate change.
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